Introduction
Aluminum phosphide (AlP) is a low cost and highly toxic pesticide which is used as a rodenticide in farming communities across rural Turkey. Certain types of metal phosphides such as AlP, magnesium phosphide, and zinc phosphide generate phosphine gas upon exposure to moisture in the digestive system of the rodent and cause death. The risk of environmental and human contamination is very high with metal phosphides because of the release of toxic gases. 1, 2 Phosphine gas is a colourless, very toxic and flammable gas with garlic or rotten fish smell. 3, 4 It causes poisoning at the mitochondria level by inhibiting protein synthesis and oxidative phosphorylation. 2 It has been shown, both in clinical and experimental studies, that free radicals are released in poisoning with AlP and phosphine gas causes oxidative stress via catalase inhibition. 2 Eventually, multi-organ failure occurs with a diffuse cellular dysfunction which increases the systemic toxicity of the gas.
Phosphine gas is rapidly absorbed by inhalation, dermally, or gastrointestinally. 6 Since deliberate or inadvertent AlP exposure creates a potential danger, 7 decontamination should be performed within the first hour following ingestion. However, phosphine gas may also easily contaminate the emergency medicine personnel having contact with the patient. 8 Therefore, it is vital to ensure a safe situation before performing a gastric lavage. In this report we present a case of lethal poisoning caused by deliberate ingestion of AlP and secondary intoxication of the emergency medicine personnel by the resultant phosphine gas.
Case
A previously healthy 19-year-old woman presented to the Ankara Research and Training Hospital Emergency Department (ED) (Ankara, Turkey) in August 2009. The patient was stated to have ingested an unknown amount of an unknown rodenticide approximately 30 minutes before presenting to the ED. She was sleepy. Her extremities were cold and her skin was pale. Physical examination revealed a blood pressure of 80/50 mmHg, pulse of 84 beats/min, body temperature of 35.6°C and breathing rate of 24/minute. The initial Glasgow Coma Scale score was 14/15. In auscultation, lung sounds and cardiovascular system were normal. A widespread abdominal tenderness was detected without rebound tenderness or guarding. Venous access was obtained in both arms with 14 gauge needles. She was monitored and supplemental oxygen was administered at a rate of 4 L/minute via nasal cannula. A nasogastric catheter connected to a 50 ml injector was placed for gastric lavage. Surprisingly, while performing gastric lavage, the syringe was filled with a blue coloured gas and the pressure built up caused the plunger to be ejected from the syringe following a small audible explosion. A small amount of white smoke was also noted coming out of syringe following the explosion. Not knowing the exact cause of the event, the ED personnel repeated the gastric lavage, witnessing the same chain of events again. After the second explosion, active lavage was terminated and free drainage was allowed. Meanwhile, the unknown rodenticide which was ingested by the patient was identified as AlP. However, the amount of ingested AlP could not be detected. The National Poison Consultation Center was immediately informed about the case and detailed information on the risks of primary and secondary intoxication with AlP was obtained. The patient was taken into an isolated room inside ED. The room had a single large window which opened to the outside of the building and provided little ventilation. The staff treating the patient put on Tyvek CE Classic PREN1149 gowns, FFP3 level SL 23315 masks and K420 protective goggles and gastric lavage was performed again. Activated charcoal was administered at a dose of 1 gm/kg. Since the clinical condition of the patient was deteriorating, rapid sequence intubation was performed in order to protect the airway. Immediately after the intubation, the patient went into the cardiac arrest. Cardiopulmonary resuscitation (CPR) was started immediately. Bloody fluid with bubbles was drained from the endotracheal tube during CPR. The cardiac rhythm remained in asystole throughout the resuscitation. The blood values were: white blood cell 12.1x10 9 /L, glucose 9.5 mmol/L, pH 6.67, bicarbonate 5.3 mmol/L, base excess -35, lactate 11.7 mmol/L. The metabolic acidosis was treated with 1 mmol/kg sodium bicarbonate. CPR was continued for 45 minutes but the patient did not respond and was pronounced dead.
The ED personnel who had treated the patient had symptoms including nausea, vomiting, fever, a burning sensation in the throat, lacrimation and headache. Since the amount of the subtance to which they had been exposed was small, the exposure time was short and precautions had been taken quickly, serious intoxication was prevented. The affected staff were observed in a separate room and were given intravenous hydration and supplemental oxygen. Their laboratory tests did not reveal any abnormality and their symptoms disappeared within the 3 to 4 hours after the intoxication. They were eventually discharged and made a complete recovery.
Discussion
Upon exposure to air, water or gastric acid, AlP gives off phosphine gas. Since this gas is rapidly absorbed, patients who ingest AlP should immediately receive gastric lavage. 6 Phosphine gas is highly toxic, which exerts its effects by inhibiting the oxidative phosphorylation in the lungs, and causing systemic intoxication by creating cellular hypoxia. It causes oxidative stress by increasing the free radicals and inhibiting the catalase enzyme. This in turn increases its systemic toxicity. These mechanisms explain the high mortality of AlP poisoning. It has been shown in the literature that 60-90% of patients died within the first 24 hours following AlP poisoning. 9, 10 Persistent vomiting, severe metabolic acidosis and resistant hypotension are the most frequent clinical findings in AlP poisoning cases 11 and advanced age, absence of vomiting, severe acidosis, hyperglycaemia and excessive ingestion of AlP have been shown to influence its severity. 10, 12, 13 In severe cases, cardiac dysrhythmia, respirator y distress, shock and hypomagnesemia develop which subsequently lead to death.
14 It has been reported in a number of studies that hypotension and shock are observed in 76-100% of the cases in this type of poisoning. 15 However, the mechanism of the shock development has not been fully explained yet. It has been suggested that haemodynamic failure develops in association with mitochondrial lesions and it is known that mortality in AlP poisoning is correlated with shock and changes in consciousness. 16 In our patient, who was conscious at admission, severe metabolic acidosis and persistent hypotension were detected. The state of consciousness deteriorated, subsequently shock and asystole developed within several minutes. An excessive bloody secretion was drained from the endotracheal tube during the CPR, suggesting the development of serious lung oedema within minutes and/or the presence of serious damage on alveolar walls.
In our case, an explosion resembling the sound of gunpowder was experienced in the syringe while performing gastric lavage. Serious explosions during interventions on patients with severe AlP poisoning were also mentioned in previous case reports. 8 Upon contact with air, phosphine is a potentially flammable gas, however, the risk of explosion is low. 17 Therefore, we continued to provide the patient with supplemental oxygen and no serious explosion occurred. In addition to phosphine gas, upon contact with gastric acid or humidity, AlP also releases aluminum oxide and diphosphine gases which are highly flammable. 18 Both the friction generated during placement of the gastric catheter and the negative pressure created during removal of the injector may have triggered the explosions. It is obvious that in our case all these mechanisms may have contributed to the explosions.
The use of vegetable oil and potassium permanganate during the gastric lavage of patients with AlP poisoning had been reported. 19, 20 However, we were not given such an instr uction by the National Poison Consultation Center, nor we could find any reference to such intervention during the quick search in toxicology texts we referred to during the patient management.
Due to the secondary intoxication during the gastric lavage, neurological symptoms such as headache and weakness in addition to nausea and burning sensation in throat were observed in the emergency department personnel who were involved in the care of this patient. We suspect that the initial patient care interventions were provided without knowing the nature of the intoxicant and without the personal protective equipment used, as well as managing the patient inside the poorly ventilated isolated room could have caused the secondar y intoxication of the personnel. Furthermore, AlP is stated to be absorbed through gastrointestinal, dermal and inhalation routes. 21 The ED personnel could have been exposed to the toxic phosphine fumes released from the gastrointestinal tract of the patient during the interventions. Neurological toxicity after AlP poisoning has also been mentioned in the literature. Neurological system depressions which may cause headache, stupor, fatigue, agitation, anxiety, ataxia, paraesthesia, coma and convulsions have been reported. 22 We did not know that the patient was exposed to AlP when she presented to us. We discovered the exact nature of the substance about half an hour after the contact with the patient. However we determined that we would have treated the patient in a similar nature even though the was a risk of intoxication risk for the ED personnel.
Ankara is major metropolitan city with a population of 4.7 million. Our hospital is located near the centre of the city therefore, we seldom see or treat intoxications with substances suggested as rodenticides which are frequently used in rural areas. This was the first such case in our ED.
Conclusion
AlP poisoning has a high mortality rate which is directly proportional to the degree of shock and the changes in the level of consciousness. Unfortunately it has no known specific antidote. Therefore, early diagnosis, early decontamination and proper treatment of the shock may improve the prognosis. The healthcare team should be aware of the seriousness of these types of cases and should strictly follow the decontamination rules. Furthermore, the sale and use of these rodenticides should be under strict control due to their extremely toxic nature.
